Introduction
In recent years, chiral bisoxazoline-metal complexes have proven to be versatile chiral catalysts able to catalyze a wide range of reactions.
1−4 The short and efficient synthesis of bisoxazoline ligands, the flexibility in ligand design, coordination to a large number of transition metals, and excellent enantioselectivity in many reactions make these ligands indispensable in asymmetric catalysis.
The nitroaldol or Henry reaction is one of the important C− C bond forming reactions in organic chemistry. 5−7 It involves the addition of a nitroalkane having an α -hydrogen atom to a carbonyl compound to form a β -nitro alcohol that can be transformed into valuable oxygen-and nitrogen-containing derivatives.
Despite the early discovery of the Henry reaction in 1895, catalyst-controlled asymmetric versions of this reaction were undocumented until 1992. 8 Since then, various chiral catalytic systems were developed involving the use of BINOL, 
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To the best of our knowledge, there is still a limited number of papers on the synthesis of chiral bisoxazoline ligands forming five- 22 and seven-membered 19 chelates with metals and their application in the asymmetric Henry reaction. Herein we report the synthesis of novel bisoxazoline ligands 1a−e and 2 forming seven- 
Results and discussion

Preparation of the bisoxazoline ligands 1a − e and 2
The synthesis of diacyl chloride 5 used in the preparation of the chiral bisoxazoline ligands 1a −e and 2 starts with the reaction of cyclopentadiene and dimethyl acetylenedicarboxylate. The Diels-Alder reaction of these compounds at room temperature yielded the diester 3 quantitatively. 59 Heating compound Diacyl chloride 5 was treated with various chiral β -amino alcohols 6a− e and 7 in the presence of triethylamine at 0
• C to afford bis(hydroxy amides) 8a−e and 9 in 65% −96% yields according to the procedure published by Evans et al. 61 Their subsequent reaction with diethylaminosulfur trifloride (DAST) at −78 • C yielded bisoxazoline ligands 1a −e and 2 in 45% − 88% yields (Scheme 2).
Scheme 2. Synthesis of bisoxazoline ligands 1a − e and 2 from diacyl chloride 5.
Copper-catalyzed asymmetric Henry reaction
Initially the reactivity and selectivity of chiral bisoxazoline ligands 1a −e and 2 in the copper-catalyzed Henry reaction were investigated ( Table 1) . The reaction between p -nitrobenzaldehyde and nitromethane in the presence of 6 mol% ligand and 5 mol% of Cu(OAc) 2 was chosen as a model system. 19 The reactions were carried out at room temperature in 2-propanol and completed in 2-6 days. The first results showed that varying the substituents on the oxazoline ring had remarkable effects on the enantioselectivity of the reactions. The chiral bisoxazoline ligand 1a with a -Ph group resulted in the lowest ee value among all ligands (entry 1).
Ligand 1b with a -Bn group presented higher enantioselectivity than did 1c with an i -Pr group (entry 2 vs. 3). Ligand 1d with a sterically hindered t -Bu group and ligand 2b with two stereogenic centers on the oxazoline ring decreased the enantioselectivity dramatically (entries 4 and 6). The highest ee value was obtained with ligand 1e with a sec-Bu group, which was the ligand of choice yielding a nitroaldol product 11a with 44% ee (entry 5).
In order to find the optimal conditions for the copper-catalyzed Henry reaction, the catalyst loading was changed. Lowering the catalyst amount from 5 mol% to 3 mol% or increasing it to 10 mol% slightly decreased the enantioselectivity (entries 7 and 8). On the other hand, the addition of triethylamine as a base promoter lowered the enantioselectivity substantially (entry 9). Replacing Cu(OAc) 2 with Cu(OTf) 2 or with Cu(OAc) 2 ·H 2 O did not help to increase the enantioselectivity of the Henry reactions (entries 10 and 11).
The best solvent for the asymmetric Henry reaction was found to be 2-propanol ( (entries 4 − 9). As a result, the best reaction conditions for the enatioselective Henry reaction was obtained by using 6 mol% ligand 1e and 5 mol% Cu(OAc) 2 in 2-propanol at room temperature. b Values are isolated yields after chromatographic purification.
c Enantiomeric excess was determined by HPLC using a Chiralcel OD-H column. b Values are isolated yields after chromatographic purification.
c Enantiomeric excess was determined by HPLC using a Chiralcel OD-H column.
After optimizing the reaction conditions, the asymmetric Henry reaction was performed with various aromatic aldehydes (Table 3 ). In general, the reactions were slow, but better enantiomeric excesses were obtained with these aldehydes than with p -nitrobenzaldehyde (54%− 67% ee, entries 2 − 11 vs. entry 1). Ortho-, meta-, and para-methoxybenzaldehydes (10c − e) showed acceptable enantioselectivities (61%− 67% ee, entries 3 −5), whereas it was slightly lower for p -ethoxybenzaldehyde (10f ) (54% ee, entry 6). Benzaldehydes having electron withdrawing groups except for 10a did not decrease the enantioselectivitiy much (entries 8 and 9). Benzaldehyde (10b) with 63% ee showed better enantioselectivity than 1-naphthaldehyde (10j) and cinnamaldehyde (10k) (entry 2 vs. entries 10 and 11). b Values are isolated yields after chromatographic purification.
The moderate to acceptable enantiomeric excesses obtained in the copper-catalyzed Henry reaction might be the result of distortion in the C 2 -symmetry of the ligands 1a− e and 2. The norbornadiene backbone not only enlarges the chelate but also breaks the C 2 -symmetry apparent by the signal doubling of the ligands in the 1 H and 13 C NMR spectra.
Although bisoxazoline ligands forming six-membered metal chelates result in excellent enantioselectivity in the copper-catalyzed Henry reactions, their seven-membered derivatives exhibit rather lower enantioselectivity. For example, the reaction of p -nitrobenzaldeyde (10a) with nitromethane presents 81% ee, when inda-box ligand 12 forming six-membered metal chelate is used (Scheme 3). 12 However, cyclopropane based ligand 13
forming seven-membered metal chelate results in lower stereoselectivity (68% ee). 19 Moreover, when a bisoxazoline ligand forming seven-membered metal chelate with two oxazoline groups attached to sp 2 carbon atoms (ligands 14a and 14b), stereoselectivity of the copper-catalyzed Henry reaction further decreased to 13% and 28% ee respectively. 23 Our norbornadiene based bisoxazoline ligands 1a− e and 2 are examples of ligands forming seven-membered metal chelate having two oxazoline groups attached to sp 2 carbon atoms. Under the guidance of these studies, it might be argued that these type of ligands show lower stereoselectivity but still ligand 1e with 44% ee exhibits higher enantioselectivity than ligands 14a and 14b in the enantioselective Henry reaction between p -nitrobenzaldehyde (10a) and nitromethane (Table 1 , entry 5 vs. Scheme 3).
In conclusion, a series of novel chiral bisoxazoline ligands 1a −e and 2 having a norbornadiene backbone were synthesized in five steps in 45%− 88% yields. They were used as chiral ligands in the copper-catalyzed asymmetric Henry reaction. With the optimized reaction conditions, various β -nitro alcohols 11a− k were obtained with 44% −67% enantiomeric excesses. Application of the bisoxazoline ligands 1a− e and 2 in other asymmetric catalytic reactions is currently under investigation. 
Experimental
General
Reagents obtained from commercial suppliers were used without further purification unless otherwise noted. Preparation of bisoxazoline ligands and β -nitro alcohols was performed in flame-dried glassware under a static pressure of nitrogen. Solvents were dried prior to use following standard procedures. 
(1R,4S )-N 2 ,N 3 -bis((S )-1-hydroxy-3-phenylpropan-2-yl)bicyclo[2.2.1]hepta-2,5-diene-2,3-dicarboxamide (8b):
White solid, mp 52−53 
(1R,4S )-N
General procedure for the preparation of bisoxazoline ligands 1 and 2
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To a dichloromethane solution (4 mL) of bis(hydroxy amide) (0.25 mmol) in a flame-dried Schlenk tube at -78
• C was added diethylaminosulfur trifluoride (0.1 mL, 0.75 mmol). After stirring at this temp. for 10 min, CH 2 Cl 2 (20 mL) was added and the mixture was washed with saturated aqueous NaHCO 3 (10 mL) and H 2 O (15 mL) consecutively. The organic phase was dried over MgSO 4 and concentrated in vacuo to yield the crude product. Purification by column chromatography (ethyl acetate:n-hexane = 1:1) resulted in isolation of the bisoxazoline ligand as yellow oil, which was directly used for catalysis. To Cu(OAc) 2 (1.8 mg, 0.01 mmol) in a flame-dried Schlenk tube was added a 2-propanol solution (0.4 mL) of bisoxazoline ligand 1e (4.1 mg, 0.012 mmol) under nitrogen atmosphere at room temperature. After stirring for 1 h, aldehyde (0.2 mmol) and nitromethane (0.122 g, 0.11 mL, 2 mmol) were added via syringe. The reaction was stirred at room temperature until TLC control indicated complete consumption of the aldehyde. The solvent was removed under reduced pressure and the crude product was purified by column chromatography to give the desired nitro alcohol. Enantiomeric excess was determined by HPLC with a Chiralcel OD-H column, and the absolute configurations of the nitroaldol products were assigned by comparing their specific rotations and the HPLC retention times with data from the literature. 
(1R,4S )-2,3-Bis((S )-4-benzyl-4 ′
